The effects of adaptation (AD) to xylanase-supplemented diets on nutrient and fiber utilization in 21-d-old broilers were investigated. Six treatments, arranged in two levels of AD (starting at d 0 or d 14 of age) and three levels of xylanase (0 or 2,500 or 5,000 xylanase units/kg feed) were used. All diets had 500 phytase U/kg and 0.3% TiO 2 as indigestible marker. A total of 384 d old male broiler (Ross 308) chicks were divided into two groups. The first group was assigned on weight basis to 24 cages (8 chicks per cage) and randomly allocated to the diets from d 0. Birds in the second group were reared on a commercial starter diet in the same room for 13 d. On d 14, the birds were individually weighed, assigned on weight basis to 24 cages (8 chicks per cage), and randomly allocated to the diets. Birds had free access to experimental diets and water. Excreta samples were collected from d 18 to 21. On d 21, all birds were euthanized to access ileal digesta. There was no interaction (P > 0.05) between AD and xylanase on the apparent ileal digestibility (AID) and apparent retention (AR) of components. The main effect of AD was such that the birds exposed to diets for 7 d (d 14 to 21) had higher (P < 0.01) AID of energy than those exposed for 21 d (d 0 to 21). In contrast, birds exposed to diets for 21 d had higher (P < 0.05) AMEn and AR of neutral detergent fiber. Xylanase improvements (P < 0.01) in the AID of energy and AMEn were dose dependent and coincided with linear improvements (P < 0.05) in the AID of nitrogen, fat, and starch. In conclusion, xylanase improvements on retention of fiber and nutrients were independent of AD (7 or 21 d) suggesting that the xylanase effects are not transitional. Greater retention of fiber with longer AD is suggestive of possible microbial adaptation.
INTRODUCTION
The use of feed enzymes is a common practice in poultry production and considerable information exists on their beneficial effects on nutrient digestibility, performance, and gut health (Bedford and Schulze, 1998; Adeola and Coweison, 2011; Kiarie et al., 2013) . A large proportion of the soluble pentosans in viscous grains are of a sufficiently high molecular weight to increase viscosity of the contents of the gastrointestinal tract, resulting in a concomitant decrease in the diffusion of nutrients and, therefore, the nutritive value of the diet (Bedford and Schulze, 1998) . The efficacy of fiber degrading enzymes such as xylanase in enhancing nutrients and energy utilization in poultry is well doc- umented and has been associated largely with the reduction of intestinal viscosity through depolymerization of soluble non-starch polysaccharides (NSP) (Bedford and Schulze, 1998; Ravindran, 2013) .
In poultry, the gastrointestinal tract is in a dynamic state of physiological growth and microbial succession in the first 2 to 3 weeks of age (Barnes et al., 1972; Sklan, 2001; Lu et al., 2003) . The influence of diet and anti-nutritional factors on the growth and development of the gastrointestinal tract is an issue of practical interest (Batal and Parsons, 2002) . Petersen et al. (1999) showed that jejunal and ileal digesta viscosity was influenced by age and adaptation to test diets linked to possible microbial adaptation. Studies employing high throughput molecular techniques have demonstrated that intestinal microorganisms have a highly significant impact on the uptake and utilization of energy and other nutrients and on the response of poultry to antinutritional factors (such as fiber) and interventions for example feed enzymes (Torok et al., 2008 (Torok et al., , 2011 Kiarie et al., 2014; Munyaka et al., 2016) .
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Broiler responses to xylanase supplementation in wheat based diets are known to be inconsistent and dependent on many factors (Bedford and Schulze, 1998; Amerah, 2015) . It is possible that part of the variation seen in the response of xylanases is related to interactions with the gut microbiota, which have a role in the utilization of undigested substrates in the intestinal lumen (Bedford and Cowieson et al., 2011; Kiarie et al., 2013; Kiarie et al., 2016) . Protocols for measuring the efficacy of fiber degrading enzymes such as xylanase on the retention of fiber and nutrients in young broilers rarely examine the impact of the duration of exposure to treatment diets. The time elapse from diet introduction until assessing digestibility response may be critical in understanding if the effects of supplemental enzymes are transitional rather than permanent in an evolving gastrointestinal tract of young birds. Therefore, we evaluated the effects of exposing broilers to xylanase-supplemented diets for 7 or 21 d on nutrient and fiber utilization at 21 d of age.
MATERIALS AND METHODS
The experimental procedures were approved by the Massey University Animal Ethics Committee and, complied with the New Zealand Code of Practice for the Care and Use of Animals for Scientific Purposes.
Diets
A wheat-based diet was formulated to meet or exceed the recommended requirements for nutrients, except AME (∼5% less), for broilers (Ross, 2007, Table 1 ). The basal diet contained phytase (Axtra PHY, a Buttiauxella spp. phytase expressed in T. reesei) at 500 FTU/kg of final feed equivalent to 0.093% Ca and 0.12% non-phytate P. The basal diet was split in three portions; one portion was the control and the other two portions were supplemented with xylanase at 2,500 and 5,000 xylanase units (XU)/kg of feed. The xylanase product (Danisco xylanase) is a monocomponent preparation of endo-1,4-beta-xylanase produced by a strain of T. reesei. One xylanase unit was defined as the amount of enzyme that releases 0.48 μmol of reducing sugar as xylose from wheat arabinoxylan per minute at pH 4.2 and 50
• C. One FTU was defined as the quantity of enzyme that releases 1 μmol of inorganic P/min from 5.0 mM sodium phytate at pH 5.5 at 37
• C. The enzymes along with the enzyme assay procedures were supplied by DuPont Industrial BisociencesDanisco Animal Nutrition (Danisco UK Ltd, Marlborough, Wiltshire, UK). Diets were fed as mash.
Birds, Management and Samples Collections
A total of 384 male broiler chicks (Ross 308) were obtained as day-olds from a commercial hatchery. Chicks were divided into two groups; the first group was assigned on weight basis to 24 cages (8 chicks per cage) and allocated to the diets from d 0. The cage dimension is 600 mm deep × 600 mm wide × 400 mm high. Birds in the second group were reared on a commercial starter diet in the same environmentally controlled room for 13 d. The commercial starter diet composed of wheat, 30%; corn, 28%; wheat middlings, 3.2%; soybean meal, 28%; and tallow/soy oil blend, 2.8% (CP, 22.2%; Ca, 1.1%, and total P, 0.5%) with no added enzymes. On d 14, the birds were individually weighed and assigned on weight basis to 24 cages (8 chicks per cage) and allocated to the diets. The room temperature was maintained at 31
• C during the first week and then gradually reduced to 24
• C by d 21. The birds received 20 h of fluorescent illumination daily and allowed free access to the diets and water throughout the experimental period.
From d 18 to 21 post-hatching, feed intake and excreta samples were collected over four consecutive days for the determination of nutrient retention and AMEn. On d 21, all birds were weighed and euthanized by intracardial injection of sodium pentobarbitone and contents of the lower half of the ileum were expressed by gentle flushing with distilled water. Digesta from birds within a cage were pooled, resulting in eight samples per each of the three dietary enzyme treatments and frozen immediately after collection. The amount of feed consumed from d 14 to 21 was recorded for determination of FCR.
Laboratory Analysis
The samples of excreta and ileal digesta were freezedried and along with samples of the diets ground to pass through a 0.5 mm sieve and stored in airtight plastic containers at 4
• C until chemical analyses. All samples were analyzed for DM, N, gross energy, fat, and titanium. Samples of diets and excreta were also analyzed for Ca, P, and neutral detergent fiber (NDF). Dry matter determination was carried out according to standard procedures (AOAC International, 2005, method 930.15) . Nitrogen was determined by the combustion method (AOAC International, 2005, method 968.06) using a CNS-2000 carbon, N, and sulfur analyzer (Leco Corporation, St. Joseph, MI). The CP values were derived from multiplying the assayed N values by a factor of 6.25. Gross energy was determined using an adiabatic bomb calorimeter (Gallenkamp, London, UK), standardized with benzoic acid. Fibertec System M (Tecator, Höganäs, Sweden) was used for the determination of NDF. Titanium content was measured on a UV spectrophotometer following the method of (Short et al., 1996) . Fat content was determined following Soxhlet extraction procedure. Briefly, fat in samples were dissolved by repeatedly washing with petroleum-ether by refluxing in a Soxtec apparatus (Soxtec System HT 1043 Extraction Unit, Höganäs, Sweden). The solubilized fat was then collected in the distillation flask and the increase in weight of the flask represented the dissolved fat. The samples were wet acid digested with nitric and perchloric acid mixture (AOAC, 2005; method 990.08), and concentrations of Ca and P were determined at specific wavelengths for each element (Ca, 393.3 nm; P, 185.9 nm) by an Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) using a Thermo Jarrell Ash IRIS instrument (Thermo Jarrell Ash Corporation, Franklin, MA). The instrument was calibrated against standards (Junsei Chemical Co., Ltd., Tokyo, Japan) of known concentration.
The basal diets were further analyzed for the starch and NSP levels. Briefly, total starch was determined by a modified version of Englyst (Englyst et al., 2000) , which involved initial heat dispersion together with heat stable amylase followed by treatment with alkali to disperse any retrograded type III resistant starch. A pH 4.5 buffered aliquot was treated with amyloglucosidase to release glucose which was quantified by high performance anion exchange chromatography with pulsed amperometric detection. The NSP was determined by the method of Englyst (Englyst et al., 1994) , whereby starch was completely dispersed and then hydrolyzed enzymatically. The NSP was isolated by precipitation in 80% ethanol then hydrolyzed by sulphuric acid and the released component sugars measured by gas chromatography as their alditol acetate derivatives. The in-feed phytase activity was analyzed according to the method of Engelen et al. (2001) . One FTU of enzyme activity is defined as the amount of enzyme that liberates 1 μmol of inorganic P per min at 37
• C and pH 5.5 (Engelen et al., 2001 ). Xylanase activity in feed was measured 
Calculations and Statistical Analysis
The apparent ileal digestibility and retention of components and AMEn value of diets were calculated as described by Kiarie et al. (2014) . Two-way ANOVA was employed to determine the main effects (adaptation period and xylanase) and their interaction by using the GLM procedure of SAS using cage as the experimental unit. Day 14 BW was used as a covariate for the statistical analysis of feed intake, BWG, and FCR. Contrast coefficients from equally spaced supplemental xylanase were generated using the interactive matrix language procedure of SAS. Differences were considered significant at P ≤ 0.05.
RESULTS
The phytase activity was determined to be 711, 800, and 838 FTU/kg in the control, 2,500 XU/kg, and 5,000 XU/kg diets, respectively. The corresponding values for the xylanase were 203, 2,811, and 5,970 XU/kg, respectively. The analyzed composition of the basal diet is shown in Table 2 .
There was no (P > 0.05) xylanase × adaptation period (AD) interaction on BW, BWG, feed intake, and FCR ( Table 3 ). Birds that started on test diets on d 14 of age were heavier (P < 0.01) on d 14 and 21 than birds that had started test feed on d 0 of age. The main effects of AD was such that the birds which started test diets on d 14 had higher (P < 0.01) feed intake and FCR compared to birds that were fed test diets throughout 21-d period. Increasing inclusion levels of xylanase linearly decreased feed intake (P < 0.049) and FCR (P = 0.025) ( Table 3) .
There was no interaction (P > 0.05) between AD and supplemental xylanase for the apparent ileal digestibility (AID) and apparent retention (AR) of fiber, nutrients, and energy (Table 4 ). The main effect of AD was such that the birds exposed to diets for 7 d had higher AID of DM, CP, fat, and gross energy (P < 0.01) than those exposed for 21 d. In contrast, birds exposed to test diets for 21 d had higher retention of DM, fat, NDF, Ca and P, and AMEn. Xylanase improvements (P < 0.01) on the AID of gross energy were dose dependent and coincided with linear improvements (P < 0.05) in the AID of CP, fat, and starch (Table 4) . Xylanase supplementation resulted in linear increases in the apparent retention of dry matter, fat, and NDF. In particular, birds fed 5,000 XU/kg diets retained 85% more NDF (36.2 vs. 19.6 g/kg DM) than the control birds. The AMEn was linearly (P < 0.01) improved by supplemental xylanase
DISCUSSION
The current study evaluated the methodological aspect with potential relevance for assessing the impact of fiber degrading enzymes on dietary component digestibility and retention. A study by Petersen et al. (1999) with wheat-based diets showed that the intestinal digesta viscosity of 20 d-old broiler birds was dependent on exposure to test diets. In that study, birds fed test diets for 10 d had a viscosity of 7.4 vs. 5.2 cps in birds fed test diets for 5 d which was speculated to be linked to microbial solubilization of fiber. Although viscosity was not measured in the current study, the higher AID of nutrients and energy seen with 7 d exposure to test diets could partly be explained by lower viscosity. In contrast, birds exposed to diets for 21 d had higher AMEn and AR of fat, calcium, phosphorous, and NDF. It appeared superior fiber retention was the major contributor of the high AMEn observed when birds were exposed to experimental diets longer. This finding may suggest that longer exposure resulted in microbial adaptation in fiber degradation (Batal and Parsons, 2002) . Dietary components such as fiber are known to affect the development of the gut, particularly the gizzard, with consequence of improved digestibility (Hetland et al., 2004; González-Alvarado et al., 2008) . In this context, a moderate requirement of fiber has been suggested in poultry diets to improve the development of organs, enzyme production, and nutrient digestibility in poultry (Mateos et al., 2012) . Some of these effects are a consequence of better gizzard function, with an increase in gastroduodenal refluxes that facilitate the contact between nutrients and digestive enzymes (Mateos et al., 2012) . These effects often result in improved growth and animal health, but the potential Table 4 . Effects of acclimatization period (7 vs. 21 d) and supplemental xylanase on apparent ileal nutrient digestibility and apparent total tract retention in broiler chickens fed diets based on wheat, wheat by-products, and soybean meal. benefits depend to a great extent on the physicochemical characteristics of the fiber source (Batal and Parsons, 2002) . It is plausible that the compositional and processing differences between the commercial diet fed to birds that started the test on d 14 of age and the test diets could have confounded the effects of AD seen in the current study (Bedford and Schulze, 1998; Kiarie et al., 2013) .
The benefits of exogenous xylanases (endo-1,4-β-xylanase) in wheat-based diets for poultry are well documented and have been extensively reviewed (Bedford and Schulze, 1998; Adeola and Cowieson, 2011; Ravindran, 2013; Kiarie et al., 2016 ). An accepted paradigm is that increased intestinal digesta viscosity due to soluble NSP is the most important mechanism for the poor growth and feed utilization in broilers fed wheat-based diets (Bedford and Schulze, 1998) . Indeed, in a previous study, we showed that wheatbased diets had more than double the concentration of soluble NSP than corn-based diets which was implicated in the higher jejunal digesta viscosity observed in birds fed wheat-based diets (Kiarie et al., 2014) . A large proportion of the soluble pentosans in wheat is of a sufficiently high molecular weight to increase viscosity of the contents of the gastrointestinal tract, resulting in a concomitant decrease in the diffusion of nutrients and, therefore, the nutritive value of the diet (Bedford and Schulze, 1998) . Conversely, supplemental xylanases capable of hydrolyzing soluble arabinoxylans improves bird's growth performance and nutrient utilization (Bedford and Schulze, 1998; Adeola and Cowieson, 2011; Ravindran, 2013) but also effecting changes to the composition and metabolic potential of bacterial populations (Bedford and Cowieson, 2011; Kiarie et al., 2013) .
Xylanase supplementation resulted in linear increases in the AR of DM, fat, and NDF. In particular, birds fed the diet with highest xylanase dose retained 85% more NDF than the control birds. In previous studies, supplemental xylanase not only increased nutrient digestibility but also increased the concentration of cecal volatile fatty acids (VFA) due to increased flow of fermentable xylo-oligomers into the ceca (Choct et al., 1996; Kiarie et al., 2014) . It has been suggested that the carbohydrases release fermentable oligosaccharides in the process of NSP depolymerization which are fermented to VFA in the ceca in such concentrations that they trigger a neuro-hormonal response through peptide YY which results in (gastroparesia or ileal brake) delayed gastric emptying and duodenal transit rates (Cuche et al, 2000; Park et al., 2013) with consequence of enhanced diet digestion and nutrient absorption in the small intestine (Singh et al., 2012) . Peptide YY is a neuropeptide released in the enteroendocrine cells located predominantly in the distal ileum and colon and its release has been shown to be stimulated by presence of VFA in the intestinal lumen (Cuche and Malbert, 1999; Cuche et al., 2000) . Courtin et al. (2008) showed that the dietary inclusion of wheat oligosaccharides isolated from xylanase-treated wheat bran improved feed to gain in corn-fed birds to the same extent as the inclusion of the same xylanase in the ration. Furthermore, Bedford and Schulze (1998) opined that cecal fermentation, enhanced by breakdown products from xylanase addition, could influence enteroglucagon concentrations, which in turn influence upper gut motility by depressing gastrin concentrations. Taken together, these mechanisms describe possible explanations of fundamental mechanisms that may underlie a wide range of situations in which fiber degrading enzymes may increase nutrient digestion in the upper gut through increased fiber fermentation in the ceca.
Feed intake can influence ileal nutrients digestibility by varying the release of endogenous amino acids into the gastrointestinal tract (Butts et al., 1993; Moter and Stein, 2004) . This could explain the higher ileal nutrients digestibility in birds adapted to the diet for 7 days relative to birds adapted for 21 days. However, with respect to feed enzymes, different mechanism may have been at play. In broiler diets, particularly in wheat-based diets, the rate of passage of digesta limits intake and the relationship between feed intake and AME was negative or insignificant (Scott et al., 1998; Scott et al., 2003) . In studies where fiber degrading enzymes were observed to increase feed intake (e.g., Marquardt et al., 1994; Amerah et al., 2009) , an increased passage rate of digesta was hypothesized to explain feed intake effects through reduction of the inhibitory effects of NSP on digesta viscosity. However, the decline in feed intake observed in the current study and in some previous studies (e.g., Scott et al., 1998; Amerah et al., 2009) with supplemental xylanase may also be plausible, especially when the enzyme supplement results in increased nutrient digestibility (i.e., increased availability of absorbable nutrients in the intestinal lumen). The presence of nutrients and their metabolites in the intestinal lumen has been shown to markedly increase intestinal transit time with subsequent reduction in feed intake (Maljaars et al., 2008) . This phenomenon has been coined "intestinal break" and has been demonstrated in dogs fitted with duodenal and mid-intestinal cannulas (Lin et al., 2001 ) and in mini pigs (Huge et al., 1995) . In these studies, infusion of nutrients resulted in significant increase in intestinal transit time. The presence of nutrients in the intestinal lumen stimulates release of a range of peptides among them gastric inhibitory protein, glucagon-like peptide-1, glucagon-like peptide-2, and oxyntomodulin which through a range of mechanisms initiate meal cessation (Forbes, 2009) . It is possible that the broilers receiving feed without xylanase in the current study might have experienced increased digesta flow rate which might then have necessitated them to consume more feed in an attempt to obtain enough nutrients. In converse, xylanase supplementation counteracted deleterious effects of the NSP with a consequence of slowing intestinal digesta flow (lowered feed intake) and thus better ileal nutrient digestibility and FCR.
To our knowledge, no studies have been published that describe the effect of the time of feeding a diet before sampling excreta and ileal digesta on the measured responses to supplemental xylanase. The gastrointestinal tract of poultry is in a dynamic state of physiological growth and microbial succession during the first three weeks of life (Barnes et al., 1972; Sklan, 2001; Lu et al., 2003) . The influence of diet and anti-nutritional factors is a critical issue during this period (Batal and Parsons, 2002) . In pigs and rodents, period of adaptation to fibrous feed has been shown to improve energy utilization due to gastrointestinal remodeling and microbial adaptation (Longland et al., 1993; Brunsguard and Eggum, 1995) . Classical measurements of AME assumes that the difference between feed and excreta content is the result of digestion and absorption by the bird. However, it has long been held that this assumption may not necessarily be true for viscous feed ingredients like wheat and that AME and FCR, for example, do not always correlate (Bedford, 1996; Choct et al., 1996; Bedford and Schulze, 1998) . The fact that bacterial populations and/or intestinal development in response to the dietary ingredients are responsible for such lack of correlation suggests that rapid energy evaluation procedures may be inappropriate, since both the microflora and intestine will adapt over a period of several days to a change in diet (Bedford and Schulze, 1998) . Indeed, ileal cannulated roosters fed a corn-based diet and then rapidly changed to a barley-based diet confirmed that adaptation of the intestines to the new diet as judged by viscosity alone took several days (Bedford, 1996) . Perhaps this phenomenon could explain the increased fiber retention in birds exposed to the diet for 21 d. There is apparently dearth of detailed investigation on the influence of AD on the adaptive changes in young broilers in terms of dealing with anti-nutritive effects of NSP. It could also be postulated that a long AD may aid the broiler chicken to overcome the anti-nutritive effect of the NSP. However, the lack of interaction effects between supplemental xylanase and adaptation period suggests the effects of xylanase in broiler fed wheat based diets are permanent and not transitional. These findings collectively suggest the importance of inclusion of fiber degrading enzymes in starter diets to counter the anti-nutritive effects of fiber.
